Moderate water stress increases frost hardiness in many woody plants but little attention has been given to changes in hardiness after recovery from water stress. Tests were carried out to examine how much water stress-induced frost hardiness remained when plants were rewatered under different day length regmes. Red osier dogwood plants (Corma stolomfera Michx.) were water-stressed at normal growing temperatures in long day (LD) or short day (SD) conditions, exposed to 6 nights of freezing temperatures, and then returned to normal growing conditions with full water supply. Water-stressed plants gained an additional 8 to 10 C of hardiness. The amount of freeze-induced hardiness in both stressed and control plants was not significant (approximately 2 C) and was not affected by photoperiod. When plants were kept in or transferred to LD, they lost nearly all of their water stress-induced hardiness within 7 days after rewatering. Water-stressed plants in SD lost the least amount of hardiness (5 C) when rewatered. In dogwood, water stress is an effective way to increase hardiness temporarily, but the photoperiod has a large effect on the retention of the acquired hardiness.
Woody plants during cold acclimation often decrease in water content (8) . Artificial dehydration (9) or suboptimal irrigation can also increase frost hardiness (2, 3) in red osier dogwood (Cornus stolonifera Michx.). The role of water stress in promoting a certain degree of hardening has recently been reemphasized in alfalfa (12) , rye (15) , and wheat (4) .
Little attention has been focused on changes in hardiness following recovery from water stress. When plants are rewatered following a period of water stress, do they lose all of the stressinduced hardiness they had previously gained? How long can the newly gained hardiness last? Does a freeze treatment have the same effect on water-stressed and nonstressed plants? This study was carried out in an attempt to answer some of these questions. (Fig. 1) . This response has been previously reported (3) .
MATERIALS AND METHODS
As shown in Figure 1 , A, B, and C, all water-stressed plants gained an insignificant amount of hardiness (1-2 C) during the 6-night freeze. Day length had no effect on freeze-induced hardiness in water-stressed plants. LD and SD controls, respectively, gained an additional I to 1.5 C hardiness during the 6-night freeze. Under these conditions, neither water stress nor photoperiod affected the increase in hardiness induced by the frost treatment.
The leaf tissue of all plants was partially damaged by the freeze treatment from days 21 to 27. The leaf damage to the well watered control plants, especially the LD control plants, was (Fig. 1) . Control plants in continuous SD conditions continued to gain hardiness to -11 C (Fig. IA) , LD controls became hardy to only -5 C (Fig. 1B) , and controls transferred from SD to LD became hardy to -7 C (Fig.  lC) . On rewatering, the stressed plants in SD lost 5 C (Fig. IA) , but the plants transferred from SD to LD lost 10 C of hardiness (Fig. IC) . The SD previously stressed plants were the most hardy at the end of the 48-day experiment (-13 C) (Fig. IA) , whereas the previously stressed plants in LD or transferred to LD became hardy to -7 and -8 C, respectively (Fig. 1, B and C) . The stressed plants kept in or transferred to LD lost hardiness the most rapidly on rewatering, ie. most acquired hardiness was lost within 7 days after rewatering.
Stem Water Content. Both control and treated plants in SD conditions tended to decline in stem water content between days 29 and 48 (Fig. 2A) . McKenzie et al. (11) and Parsons (13) showed that root conductivity to water decreased when plants were kept under prolonged SD conditions. The decline in stem water content is probably related to this decreased root conductivity.
Plants kept in prolonged LD conditions increased in water content after rewatering (Fig. 2B) . Active growth resumed in the LD conditions after the freeze treatment. When plants were transferred from the SD to LD regime after rewatering, water content in the previously stressed plants increased and the controls maintained a more or less constant level (Fig. 2C) . This more constant water content level probably reflects the diminishing residual effect of the earlier SD conditions.
Water content has been shown to decline during acclimation in a number of plants (1, 6, 11, 14) . Water content also usually increases when plants lose hardiness in the spring (6, 7) . Chen et al. (3) water-stressed dogwood plants in the same way as our treatments but did not expose them to freezing treatment. They obtained correlation coefficients between hardiness and water saturation deficit of 0.951 and 0.969 in LD and SD conditions, 
